Allium cepa is widely used all over the world both in culinary and medicine. High antioxidant activity of biologically active compounds present in onion bulbs and the ability to transfer inorganic forms of selenium to methylated derivatives of selenium-containing aminoacids known to protect the organism against different forms of cancer may be considered as a background for the development of functional product with high antioxidant activity. The review discusses the results of the main investigations devoted to problems of A.cepa biofortification with Se, interaction of the element with other antioxidants and trace elements of the plant, intervarietal variability and beneficial effect on human health.
ABSTRACT. Allium cepa is widely used all over the world both in culinary and medicine. High antioxidant activity of biologically active compounds present in onion bulbs and the ability to transfer inorganic forms of selenium to methylated derivatives of selenium-containing aminoacids known to protect the organism against different forms of cancer may be considered as a background for the development of functional product with high antioxidant activity. The review discusses the results of the main investigations devoted to problems of A.cepa biofortification with Se, interaction of the element with other antioxidants and trace elements of the plant, intervarietal variability and beneficial effect on human health. KEYWORDS: Allium cepa, onion, selenium, biofortification, health benefits.
Allium cepa is the oldest cultivated crop widely used in traditional and ethno science in treatment of different deseases (Ashwini, Sathishkumar, 2014) . Expressing strong antioxidant, anti-carcinogenic, anti-microbial and cardio protective properties onion is also used as anti-helminthic (Hertog et al., 1992) , hypoglycemic (Oginmodede et al., 2012; Akash et al., 2014 ), anti-inflammatory, unti-rheumatic, antispazmolitic, diuretic, anti-thrombotic, anti-septic (Goodarzi et al., 2013 Shinkafi, Dauda, 2013; Kirilov et al., 2014) , anti-asthmatic and hypocholesterolemic remedy (Pineda, de la Calzada, 2013) . Onion juice is efficient for cleaning septic wounds and healing of ulcers and burns (Shenoy et al., 2008) . Antimicrobial activity of onion against Bacillus subtilis, Salmonella, and E. coli is well known. Regular consumption of raw onion decreases high cholesterol level and blood pressure (Brankovic et al., 2011; Ashwini, Sathishkumar, 2014) , that prevents the development of atherosclerosis, decreases the risk of heart attack and stroke. Epidemiological investigations in Western Europe during 15 years on two groups of the population with different levels of onion and garlic consumption revealed statistically significant morbidity decrease of the oral cavity, pharynx, laryngeal, breast, ovarian, prostate and renal cell cancer in a group with high Allium consumption level (Galeone., Pelucchi, 2006) .
Wide spectrum of onion beneficial effects on human health is determined by the presence of unique chemical compounds, the most important of which are flavonoids, alkenyl cystein sulphoxides, fructo-olygosaccharides, alimentary fibre, steroidal saponins and also some trace elements including selenium (Se) (Fig. 1) .
In a group of 28 vegetables and 9 fruits onion ranks the first place by concentration value of quercetin (Hertog et al., 1992) which antioxidant activity (AOA) is known to be the highest among the most common flavonoids of plants (Brown et al., 2001) (Fig. 2) .
Frucro-olygosaccharides of A. cepa (Hedge, Lister, 2007) decrease the risk of cardiovascular and gastrointestinal diseases, colon cancer, diabet of the 2 type and obesity (Champ et al., 2003) . S-Alkenyl cystein sulphoxides − precursors of onion aroma compounds − inhibit thrombocytes aggregation, possess antibiotic properties and decrease blood cholesterol (Randle et al., 1995) .
Comparison of macro and trace elements composition of A. cepa and garlic grown on experimental fields of All-Russian Institute of vegetable breeding and seeds production (Moscow region) indicates predominant accumulation of Ca, K and Mg, and also Al, B and Mn in onion bulbs (Golubkina et al., 2015) (Fig. 3,a,b) . (Golibkina et al., 2015) Evaluation of A. cepa as a source of essential elements for humans indicates significant consumption levels of Fe, Mn, Cu with 100 g of fresh onion (Fig. 4) . The latter is especially important for treatment of iron-deficiency anemia, disturbances in bone tissue development (Mn, Cu), disruption in brain activity (Mn) and processes of blood formation (Cu).
Biofortification of food crops for human consumption is considered to be the most prospect strategy to increase dietary Se intake (Gupta, Gupta, 2002) . Many health benefits of Se is connected with its antioxidant properties showing a similarity with properties of onion. For example, anti-inflammatory effect of Se (Kim et al., 2014) , cardio protective (Okatan et al., 2013) , anti-carcinogenic (Schrauzer, 2000) and anti-asthmatic effects (Gazdik et al., 2002) have been described. Selenium (+4) has beneficial effects on the skin wound healing process by increasing the skin blood flow (Varoglu et al., 2010) Antibacterial properties of Se is also registered (Vasic et al., 2011) . Close relationship between biological properties of Se, polyphenols and other antioxidants of A. cepa supposes the synergetic effect of different components (including Se) of antioxidant defense system display in fortified product.
Se is efficiently taken up by Alliums and these species produce organo-Se-compounds that are active in the chemoprevention and anti-oxidant activity. Grown in seleniferous soils onion accumulates high levels of the element (Yadav et al., 2007) . For most agricultural crops Se is not an essential element except a small group of hyperaccumulators (Winkel et al., 2015) . More stable to high concentrations of Se are Allium and Brassica representatives capable to accumulate significant concentrations of sulfur. The latfer is easily substituted by Se in natural compounds. Se fortification of non accumulators leads to a formation of Se containing amino acids (SeMet and SeCys) and their incorporation into proteins, which decreases enzymes activity and causes toxicosis. Special defense mechanism against Se toxicity in Allium and Brassica plants is a formation of methylated derivatives: SeMetSeCys, and γ-Glu-SeMeSeCys, not capable to be incorporated into proteins (Winkel et al., 2015) . These compounds are of special interest due to high anti-carcinogenic activity (Golubkina, Papazyan, 2006) . Contrary to Brassica plants Allium representatives are able to increase slightly S accumulation at low Se doses (Kopsell, Randle, 1997) , providing reservation of biological activity of thiosulphinates. Inhibition of S accumulation takes place only at high concentrations of Se. On the other hand there is a significant difference in biochemical interactions among antioxidants in fortified and non fortified plants. Thus a negative correlation is demonstrated between Se and quercetin in a collection of 22 onion varieties (Golubkina et al., 2016) (Fig. 5) .
On the contrary increase of various value in quercetin and polyphenol content takes place in Seenriched plants (Poldma et al., 2013; Reilly et al., 2014; Bystricka et al., 2015) (Fig. 6) 
Fig. 5. Relationship between Se accumulation levels and quercetin concentration in onion bulbs
(r = −0.72, p < 0.001) (Golubkina et al., 2016) (Poldma et al., 2013) Fig. 7 . Effect of Se supplementation of AOA and phenolics content in A.cepa bulbs (Bystricka et al., 2015) Contrary to the results of Poldma et al. (2013) , Reilly et al. (2014) investigations reveal only a tendency of polyphenol concentration increase in onion bulbs as a result of selenate and selenite supplementation to soils (1.5 g of each salt per 3.8 L of water at the 4 th and the 2 nd weeks before harvesting). Se concentrations in onion bulbs (Hyskin variety) reach 41-70 mg/kg d.w. after fortification. Later research (Bystricka et al., 2015) on sodium selenate application indicates the existence of maximum in antioxidant activity (AOA) and phenolics content only for medium doses of Se (Fig. 7) It seems reasonable that in unfortified plants we come across the maintenance of the total antioxidant status via regulation of the level and distribution of various antioxidants: Se and polyphenols. Thus polyphenols concentration decreases from the outer to the inner scales of onion contrary to Se which concentration is the highest in the center part of bulbs, mimicking the distribution of thiosulphinates (Golubkina, Papazyan, 2006) . Effect of Se biofortification on polyphenol biosynthesis may be connected with plant protection against prooxidant effect of Se. Indeed studies of Ulva sp algae demonstrate that significant Se loading results in hydrogen peroxide formation and an increase of antioxidant enzymes activity (superoxide dismutase and catalase) and elevation of concentrations of metabolites with antioxidant effect (polyphenols, flavonoids and carotenoids) (Moro et al., 2012) .
Fig. 6. Effect of selenate supplementation on phenolics content in onion bulbs
Data from Table 1 indicate that foliar application of sodium selenate in a dose 10 mcg Se/m 2 (Early pink variety) results not only in 3 fold increase of Se level in onion bulbs but also in statistically significant increase of bulb mass, dry matter content, polyphenols, quercetin, anthocianins and a decrease of Cd, Al, Fe, Mn and Co content. These results are in good accordance with the known antagonism between Se and heavy metals and a protection role of Se against heavy metals toxicosis in plants and animals (Golubkina, Papazyan, 2006) . A good agreement with the results of long-term utilization of Se-containing fertilizers in Finland is also obvious (Ekholm et al., 2007) .
Utilization of stable 77 Se isotope (Kapolna et al., 2012) reveals that predominant formation of anti carcinogenic methylated forms of Se-containing amino acids in onion takes place during sodium selenite (Se+4) utilization whereas sodium selenate (Se+6) is less effective (Fig. 8) At the same time selenate results in 2 fold higher levels of Se accumulation that Se+4 that allows to use 2 time lower doses of the element (50 mcg) than for selenite (100 mcg) (Kapolna et al., 2012) . . 8 . Se-speciation in onion fortified with sodium selenite (a) and sodium selenate (b) (Kapolna et al., 2012) CONCLUSION Thanks to anti-carcinogenic properties of Seenriched garlic the latter is already present in the markets as a functional food product (USA). Indistrial production of A. cepa with elevated concentrations of the element should become the next stage in production of functional food with high Se content, though much is to be done for evaluation of specific biological properties of onion fortified with Se.
